Male and female Sprague-Dawley rats (70 males and 70 females in the initial group) were fed a diet containing a polychlorinated biphenyl mixture (Aroclor 1260, 100 ppm for 16 months and 50 ppm for an additional 8 months) for 2 years followed by a control diet for 5 months. A control group initially consisted of 63 males and 63 females. Sequential morphologic changes were evaluated throughout the study. In the PCB-exposed group the following hepatocellular lesions developed in sequence: centrolobular cell hypertrophy at 1 month, foci of cell alteration at 3 months, areas at 6 months, neoplastic nodules at 12 months, trabecular carcinoma at 15 months, and adenocarcinoma at 24 months. In addition, simple and cystic cholangioma at 18 and 23 months, respectively, and adenofibrosis at 22 months were present. With the exception of hepatocyte hypertrophy and adenofibrosis, all lesions contained cells that were positive for gamma glutamyl transpeptidase activity. In the PCB-exposed group that was examined after 18 months, hepatocellular neoplasms were present in 95% of the 47 females and in 15% of the 46 males. Distant organ metastases did not occur and the mortality rate was not increased in the PCB exposed group. In 81 control rats examined after the 18th month, only 1 hepatocellular neoplasm (a neoplastic nodule) occurred. PCBexposed and control rats developed simple cholangioma, cystic cholangioma and adenofibrosis; the incidence of each was greater in the PCB group. Thus, within the Sprague-Dawley rat group exposed to a diet with relatively high concentrations of Aroclor 1260 for 2 years a hepatocarcinogenic effect manifested by formation of slowly growing hepatocellular carcinomas was produced. The incidence of hepatocellular neoplasms in females was strikingly greater than in males.
Introduction
Polychlorinated biphenyl (PCB) mixtures have produced a variety of oncogenic effects in the rat liver. Adenofibrosis developed in male and female Sherman rats which received a diet containing 500 ,ug Aroclor 1254/g for 30 weeks (1), in female Sherman rats which received a diet containing 100 ,ug Aroclor 1260/g for 21 months (2), and in male Wistar rats which received a diet containing 1 mg Kanechlor 500, 400 or 300/g for 40 to 52 weeks (3) . Foci and areas of hepatocyte alteration and neoplastic nodules developed in female Sherman rats which received 100 p,g Aroclor 1260/g diet for 21 months (2) . Neoplastic nodules also developed in female, but not male, Donryo rats which received a diet containing Kanechlor 400 ranging in concentration from 33.5 to 616 ,ug/g for 400 days (4) and in male Wistar rats which received a diet containing 100 ,ug Kanechlor 500, 400 or 300/g for 40 to 52 weeks (3 Liver lesions designated as hepatomas by the investigator occurred in albino rats which received 100 ,ug of Aroclor 1242, 1245 or 1260/g diet for 24 months (5) .
We investigated the hepatocarcinogenic potential of the highly chlorinated PCB mixture Aroclor 1260 in another strain of rat, the Sprague-Dawley, which has a low incidence of spontaneous hepatocellular neoplasms (6) , Enzyme histochemistry and other morphologic studies further characterized the lesions. The study, which spanned the natural life of the animal, allowed us to further evaluate the potential of the hepatocellular carcinoma to metastasize to distant organs and the effect of PCBs on longevity of the animal. Morphologic studies of the liver throughout the course of the experiment permitted evaluation of the sequential development of the liver lesions. The incidence of tumors occurring in male and female rats was determined.
Materials and Methods
Weanling Sprague-Dawley rats, initially weighing 100 gm, were divided into two groups. The PCB-treated group, initially containing 70 males and 70 females, re-NORBACK AND WELTMAÑ~~~~M AS .....FIGURE 2. PCB-exposed rat This enzyme altered focus was present at 9 months. GGT; FIGURE 9 . This neoplastic nodule in a liver obtained at 15 months lacked lobular architecture and compressed the adjacent nontumor parenchyma. H & E; x40.
FIGURE 10. Cells, nuclei, and nucleoli in the neoplastic nodule described for Fig. 9 were larger than their counterparts of the adjacent parenchyma. In this preparation, the nucleus is light with a very dark nucleolus. The granularity of the cytoplasm is mainly due to mitochondria. TB; x 400. Kunze (9) is applied. The normal architecture ofthe liver is shown in Figure 5 . In the PCB-exposed group, the following hepatocellular lesions were observed in sequence ( bIncludes eight animals that had received a partial hepatectomy during the first 18 mo. cIncludes seven animals that had received a partial hepatectomy during the first 18 mo. dIncludes eight animals that had received a partial hepatectomy during the first 18 mo. eIncludes ten animals that had received a partial hepatectomy during the first 18 mo. fAnimals containing neoplastic nodules plus carcinoma were only included in the carcinoma category. gAnimals with trabecular carcinoma and adenocarcinoma were only placed in adenocarcinoma category. rats. Hypertrophic cells of the center of the lobule were uniformly negative. Some foci of cell alteration were strongly positive (Fig. 8) . Neoplastic nodules and hepatocellular carcinomas (13G) contained positive cells admixed with negative cells. The cells lining the luminal structure of adenocarcinoma were more strongly positive than the cells forming trabecular structures (13G). In the one adenofibrosis evaluated for GGT activity, the ductal cells were GGT negative while entrapped hepatocytes, bile duct cells, and cystic cholangioana cells were positive (Fig. 17) . All adenocarcinomas had elements of trabecular patterns of growth, and all trabecular carcinomas had cell arrangements that resembled a glandular, ductal, or cystic pattern. The apparent lumens of adenocarcinoma probably result from individual cell necrosis within a trabeculum, formation of large canalicularlike structures, cross sections of sinusoids, or glandlike formations formed from cells that differentiate toward the cuboidal or columnar morphology. Close association of hepatocytelike cells and ductal-type cells lining the cystic space, as well as the presence of cells with intermediate morphology (Fig. 13F) , suggests a common origin of the cells in adenocarcinoma.
The percentage of animals with hepatocellular neoplasms occurring in animals that survived for 18 months or longer is presented in Table 2 . Hepatocellular neoplasms were uncommon in control rats; only one (4 mm diameter) hepatocellular neoplasm occurred in 81 control animals examined. Hepatocellular neoplasms developed in over 55% of the 93 livers (7 males and 45 females) examined after the 18th month. Females had the highest incidence of heptocellular neoplasms; more than 95% developed tumors. Few males developed tumors; neoplastic nodules were present in 11% and hepatocellular carcinoma in 4%.
Treated and control rats developed cholangiocellular 101 38 (35) 30 (14) 45 (21) 5 (4) 6 (2) 4 (2) Cholangioma (cystic)'
8 (7) 4 (2) 10 (5) 1 (1) 0 2(1) Adenofibrosisg 9 (8) 2 (1) 15 (7) 4 (3) 6 (2) 2(1) Negative 46 (43) 63 (29) 30 (14) 90 (73) 88 (28) 92 (45) aFigures in parentheses denote number of animals which survived 18 mo. or longer.
bIncludes eight animals that had received a partial hepatectomy during the first 18 mo.
cIncludes seven animals that had received a partial hepatectomy during the first 18 mo. dIncludes eight animals that had received a partial hepatectomy during the first 18 mo.
eIncludes ten animals that had received a partial hepatectomy during the first 18 mo.
'Animals contain simple cholangioma (but not adenofibrosis).
gAnimals also containing cholangioma were placed in this group. (9) are referred to as bile duct hyperplasia, cyst, and adenofibrosis, respectively, by Stewart et al. (8) . Although the cholangiocellular tumors occurred in the control rats, the incidence of each was greater in the PCB-treated group (Table 3) .
Discussion
Hepatocarcinogenic activity of PCBs was demonstrated in the Spague-Dawley rat after long term exposure to relatively high dietary concentrations of Aroclor 1260. Large hepatocellular carcinomas, measuring up to 6 cm in diameter, nearly replaced the liver lobes. Histologic features of carcinoma included wide trabeculae formed from large hepatocytelike cells containing large abnormal nuclei with clumped peripheral chromatin and huge nucleoli. Some microscopic fields contained numerous mitotic figures. Central necrosis and hemorrhage were sometimes present. The tumors were not encapsulated and extended into the adjacent nontumorous parenchyma. Although the tumors met the morphologic criteria for malignancy, their biologic behavior was relatively unaggressive. The neoplasms did not metastasize to distant organs nor invade blood vessels. Mortality of the animals was not increased. The lack of greater morbidity or mortality is likely due to slow progression of the neoplastic process and late appearance and slow growth of the hepatocellular carcinoma.
PCBs have been established as very effective promoters in carcinogenesis. Kanechlor 400 (400 ,ug/g diet given for 6 months) after 3'-methyl-4-dimethylaminoazobenzene increased the incidence of hepatocarcinoma over that for the initiator alone in female Donryo rats in the 800-day study (10) . Kanechlor 500 (0.01 mL given twice weekly by gastric intubation for 12 weeks) resulted in liver tumors at 40 and 52 weeks in male Wistar rats (11) . Kanechlor 500 (500 or 1000 ,ug/g diet) caused development of neoplastic nodules in male F344 rats when given for 8 weeks after a nontumorigenic dose of N-2-fluorenylacetamide (12) . Aroclor 1254 (100 ,ug/g diet for 18 weeks) increased the incidence of hepatocellular carcinoma when given to male Sprague-Dawley rats after diethylnitrosamine (13) . Aroclor 1254 (500 mg/kg body weight given by intraperitoneal injection) reduced the time required for the appearance of enzyme altered foci in partially hepatectomized male Sprague-Dawley rats (14) .
It remains to be established whether PCBs also have an initiating effect or whether the neoplasms result from promotion of a background incidence of initiated cells. In hepatocarcinogenesis, it is difficult to distinguish a weak initiator from a strong promoter (15 (18) . Hepatocellular lesions developed in more than 95% of the Aroclor 1260 fed female rats, whereas male rats had a 15% incidence of hepatocellular neoplasms. Kimura and Baba (4) also noted a higher incidence of hepatic neoplasms in female than in male Donryo rats. Sex difference in the incidence of PCB-induced hepatocarcinogenesis may be related to sex-linked differences in enzymatic activation and deactivation of carcinogens as proposed for acetylaminofluorine hepatocarcinogenicity (19) , or presence of androgens or estrogens which compete for the carcinogen for metabolism as proposed for benzopyrene (20) , aflatoxin (21) or dimethylbenzanthracene (22) hepatocarcinogenicity.
Adenofibrosis consists of glandular structures lined by mucin-secreting columnar or cuboidal cells and surrounded by layers of connective tissue. An electron microscopic study identified the lesion as intestinal metaplasia with goblet cells, enterochromaffin cells, and Paneth cells (23) . The lack of GGT activity in adenofibrosis also suggests the lesion is quite distinct from simple cholangioma or cholangiocarcinoma, both being strongly positive for GGT (24) .
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